The Search for Changing Look Quasars in iPTF: Quantifying Real Variability
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Changing Look Quasars
• Quasars are luminous sources that radiate
across the electromagnetic spectrum and are
powered by accretion onto supermassive black
holes in the nuclei of galaxies.
• Changing look quasars (CLQs) are a rare class of
quasars that change their spectral class from
narrow-line to broad-line on a short time scale.
• CLQs challenge our understanding of the
unification model for AGN.
• The proposed unification model [1]:
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• Difference imaging takes the difference between images, highlighting
the change in photon count compared to a baseline reference.
• We started out with 80,000 objects discovered with iPTF. Then we
cross matched with known 20,000 narrow-line AGN. This cut our
catalog down to 95 sources.
• Then we cut out any sources with less than 2 detections. This cut out
37% of the remaining sources.
• We then applied the reduced chi square statistic. From previous
literature, specifically Sesar 2007, we require 𝒳 " > 3. This
eliminated 2% of the remaining sources. [3]
• Figures 1 (green filter) and 2 (red filter) show this
statistic.
• We then applied the ratio of transient flux to mean nuclear flux. Our
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cutoff for this was '%( < 2. This eliminated 29% of the sources
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• Since CLQs often demonstrate a large
amplitude of variability, our goal is to use
difference imaging from the intermediate
Palomar Transient Factory (iPTF) [2] to catch
CLQs in the process of “changing look”, thereby
probing the physical mechanism causing their
spectral transformation.

Selection Method

remaining.
• Figures 4 (green filter) and 5 (red filter) show this ratio.
• This ratio tells us how much the source increased or
decreased in brightness.
• Next we used the sigma int statistic. The cutoff for this is calculated
as : 2.5𝜎- , where 𝜎- = the measurement noise.
• For difference imaging 𝜎- = 0.16. Therefore, the cutoff
for is 0.4.
• This cutoff eliminated 40% of the remaining sources.
• Figures 5 (green filter) and 6 (red filter) show this
statistic.
• After this pipeline, we are left with 25 sources out of 80,000.
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The ratio of transient flux to mean nuclear
flux:

= ⋀ 𝑚 − 𝑚?@?? ,

where 𝑚?@?? = brightness according to the
Sloan Digital Sky Survey. With these three
statistics I created a pipeline that selected
highly variable quasars.

Figure 4

• Compute these statistics for each season
to see if the variable trend is maintained.
• Count the occurrence of detections over
multiple seasons to see the length of
steps between seasons.
• Obtain aperture photometry data for all
sources.
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Light Curves of Candidates

𝜎:0; = 𝜎 "−< 𝜀 >" . [3]
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Figure 3

Figure 1-6: Crimson represents AGN with less than 5 detections, green
represents confirmed changing look AGN, yellow represents known Seyfert 1.82 AGN, and blue represents the rest of the AGN in our catalog that are not yet
categorized but have been confirmed through cross matching as Seyfert 1.8-2.

,

where n = number of detections, m =
magnitude (brightness), and 𝜀 = error. Sigma
int a description of scatter:

What’s next?

Figure 5

The selection of variable quasars is based on
the calculation of several statistics
describing the variability, such as reduced
chi squared, sigma int, and the ratio of
transient flux to mean nuclear flux. Reduced
chi square or in other words goodness of fit:

• Once we have our sample of candidate
CLQs from narrow-line AGN that are
detected as transients by iPTF, we can
follow up by taking their spectrum and
quantify their characteristics.
• We calculated these statistics that
selected 25 highly variable sources from
a catalog of 95 variable sources, cutting
out 74% of the variable sources. This
selected 0.03125% of the total 80,000.
• One of the sources selected by its
variability was confirmed through
spectroscopic follow up to be a changing
look quasar, 14adl. Its light curve is
shown to the left and is highlighted as
purple in the plots to the left.
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Figure 7-10: Light curves of selected changing look quasars. Red represents red
filter. Green represents green filter. X-axis is time in Julian date.

• To the left are the light curves of sources that were selected by
our statistics. Note that the smaller the magnitude, the brighter
the source. Notice how they all gradually vary, increasing and
decreasing in brightness.
• Figure 7 shows source 14adl. It is highly variable in the green
filter, jumping almost 2 magnitudes brighter then gradually
brightening then dimming.
• Figure 8 shows source 17n.
• Figure 9 shows source 15avz. It first dims then increases in
brightness.
• Figure 10 shows source 13cau. It gradually brightens then dims.
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